Summary Persistent presence of secondary association of chromosomes (82.09% cells; range: 61.11-100.00%) was observed in diakinesis and metaphase I cells of normal and 21 mutant (M 2 , M 3 generations) plant types of Sesamum indicum L. Secondary polyploidy has been attributed as the possible cause of secondary association of chromosomes and the basic chromosome number in the species has been suggested to be xϭ8 with probable allopolyploid origin. In few mutant plant types, frequent formation of 8 group classes seems to have been affected.
Bivalents and univalents lying in close proximity but always without any distinct material connections has been referred to as secondary association or secondary pairing of chromosomes (Darlington 1965) and genetic inter-relationship has been ascribed to be the main causal factor for the phenomenon (Riley 1960) . Secondary association of bivalents often encountered in meiotic processes of plants was first reported by Kuwada (1910) in Oryza sativa followed by Ishikawa (1911) in Dahlia variabilis and since then has been studied in different plant species in tracing basic chromosome number and polyploid nature of the species.
On the basis of secondary association of chromosomes the basic chromosome number in Sesamum indicum L. (nϭ13), an important oil seed crop of the family Pedaliaceae, has been reported to be 7 (Kumar and Abraham 1941 ), 8 (Kedharnath 1954 ), 9 (Kobayashi 1949 ) and 11 (Amirtha Devarathinam 1965 . Sengupta and Datta (2002a) observed preponderance of 6, 7 and 8 group classes from secondary association of chromosomes while analyzing meiotic chromosome behaviour in control and in induced broad leaf mutant at M 2 of S. indicum. Thus, there exist contradiction in relation to basic chromosome number in the species.
Present investigation describes persistent occurrence of secondary association of chromosomes in 22 different plant types (normal and 21 mutants) of S. indicum assessed over 2 generations. This study has been undertaken with the intention of collecting evidences from a larger plant population so that a better precision can be reached in reporting the basic chromosome number of the species. Further alteration if any, in secondary association of chromosomes under the mutational background can also be ascertained.
Materials and methods
Secondary association of chromosomes was studied in both normal and in 21 morphological mutants (from M 2 generation and from self segregating lines of M 2 mutants at M 3 where 2-3 plants were assessed from each line) of Sesamum indicum L. (var. B-67). The mutants (Table 1) were isolated at M 2 following treatment of chemical mutagens (Sengupta and Datta 2002b and 3 changes were given in the fixative at an interval of 48 h. Anthers were squashed in 2% acetocarmine solution. Photomicrographs were taken from temporary preparations. Cytological data has been pooled over M 2 and M 3 plants (for each plant type) and presented in Table 1 .
Results and discussion
The plant types of S. indicum revealed (pooled frequency estimated over the plant types) 13II formations at MI in 96.7% cells; while the rest showed chromosomal associations of 12IIϩ2I (2.71%), 11IIϩ4I (0.38%), 10IIϩ6I (0.11%), 5IIϩ16I (0.05%), 4IIϩ18I (0.05%), 2IVϩ9II (0.05%), 2VIϩ7II (0.04%) and 1VIϩ10II (0.04%). Bivalent frequency per cell among the plant types was noted to be 12.97 and those bivalents tended to form variable groups (3-11) at diakinesis and MI; although univalents (0.09/cell) and multivalents (IV-0.002/cell, VI-0.001/cell) were often associated in groups with bivalents. No association of chromosomes in groups was observed at MII. Cytologically balanced AI cells (13/13) were studied in 88.93% PMCs leading to high pollen fertility in the plant types (average: 81.66% at M 2 and 89.74% at M 3 ).
Analysis made from the overall plant population demonstrated secondary association of chromosomes (Figs. 1-14 ) in 82.09% cells (range: 61.11-100%) and 8 (27.0%) as the most frequent group class (Table 1) . χ 2 test performed between the group classes (3 to 11) revealed heterogeneity when computed against control plant population (χ 2 ϭ57.0 at 5DF, pϾ0.001), total mutant plant population (χ 2 ϭ1456.10 at 8DF, pϾ0.001) and overall plant population (χ 2 ϭ1522.02 at 8DF, pϾ0.001), thereby indicating that chromosomes have assorted themselves more preferentially into certain number of groups (predominantly 8 group class in all 3 cases) than they do into others much against random distribution. Significantly higher frequency of PMCs with 8 group class has also been verified by comparing the cell frequency of 8 group class against the pooled frequency of rest of the classes (observed frequency: 8 group class-499, rest group class-1018; expected: 8 group class-168.6, rest-1348.8, total 1517; χ 2 ϭ647.47 at 1DF; pϾ0.001). Apart from the frequent occurrence of 8 group class, chromosomal groups of 6, 7 and 9 were also observed in relatively higher frequencies in the overall plant population (Table 1 ). Excepting few mutants (cluster flower, late flowering, early flowering, globular fruit, reddish brown seed-coat I, small flower), occurrence of 8 group class was also most frequently observed in the individual plant type studied. Formation of 8 group class has been totally absent in early flowering mutant. Thus, it seems that in few plant types gene mutation has possibly affected secondary grouping of chromosomes.
In each group class different types of chromosomal associations were noted and a total of 78 types have been recorded in the plant types of which 2II (5)ϩ1II (3) under 8 group class (19.51%), 3II (2)ϩ2II (2)ϩ1II (3) under 7 group class (12.92%), 3II (1)ϩ2II (3)ϩ1II (4) under 8 group class (10.42%) and 2II (4)ϩ1II (5) under 9 group class (9.82%) were most frequent.
Persistent occurrence of secondary association of chromosomes in all plant types of S. indicum has indicated secondary polyploid nature of the species and analysis of data obtained from large and genetically diverse population has suggested that the basic chromosome number in the species was 8, which remains unaltered mostly under the mutational background. Occurrence of variable number of group classes among the plant types and formation of different types of chromosomal associations in each group class has possibly indicated an allopolyploid origin of the species rather than autopolyploid. Extreme paucity of multivalent formation supports the view that the species might underwent cytological diploidization through a potential genetic mechanism in course of evolution (Riley and Chapman 1958, Riley and Kempanna 1963) , thereby showing near perfect meiotic regularity forming 13 bivalents in meiocytes mostly.
Figs. 1-14. PMCs at diakinesis (13, 14) and MI (1-12) with secondary association of chromosomes in different groups in the plant types of S. indicum. 1) 6II(1)ϩ4II(1)ϩ3II(1)Ϫ3. 2) 4II(1)ϩ3II(2)ϩ 2II(1)ϩ1II(1)Ϫ5. 3) 6II(1)ϩ1VIϩ1II(1)ϩ1II(3)Ϫ5. 4) 3II(3)ϩ2II(1)ϩ1II(2)Ϫ6. 5) 1IVϩ2II(2)ϩ 2II(2)ϩ1II(1)Ϫ5. 6) 4II(1)ϩ3II(2)ϩ2II(1)ϩ1II(1)Ϫ5. 7) 4II(1)ϩ3II(1)ϩ2II(2)ϩ1II(2)Ϫ6. 8) 1VI(2)ϩ 3II(1)ϩ1II(4)Ϫ7. 9) 3II(1)ϩ2II(3)ϩ1II(4)Ϫ8. 10) 3II(1)ϩ2IIϩ1I(1)ϩ2II(1)ϩ1IIϩ1I(1)ϩ1II(4)Ϫ8. 11) 2II(3)ϩ2IIϩ1I(1)ϩ1IIϩ1I(1)ϩ1II(3)Ϫ8. 12) 2II(4)ϩ1II(5)Ϫ9. 13) 2II(1)ϩ2IIϩ1I(1)ϩ1IIϩ 2I(1)ϩ1II(5)ϩ2I(1)ϩ1I(1)Ϫ10. 14) 2II(2)ϩ1II(9)Ϫ11. hexavalents ( ), quadrivalents (→ →), univalents (→), nucleolus ( ), persistent nucleolar body ( ).
